Introduction {#S0001}
============

Renal cell carcinoma (RCC) arises from the renal tubular epithelium. It is clinically divided into two histological subtypes: clear cell (cc) RCC and non-clear cell (ncc) RCC.[@CIT0001] ccRCC is the most common subtype of RCC, so named because the dissolution of high lipid contents during histological preparation leaves a clear residual cytoplasm.[@CIT0002] The majority of deaths from kidney cancer are attributed to ccRCC, due to the predominance of this subtype in the metastatic disease. RCC can be classified into several other subtypes, namely, medullary, chromophobe, papillary, and collecting duct, and an increasingly expanding list of additional subtypes makes up the nccRCC group.[@CIT0001] Various subtypes of RCC are shown in [Table 1](#T0001){ref-type="table"}.Table 1WHO Classification of Major Tumor Subtypes of Renal Cell Cancer, Clinical Presentation and Molecular AlterationsMajor Tumor SubtypesClinical PresentationDisease Biology/Molecular AlterationClear cell (70--90%)Presents at advanced stage or with coexisting metastases[@CIT0083]Alterations in the von Hippel--Lindau tumor suppressor (VHL) gene on chromosome 3 seen in 90% of cases[@CIT0017]Papillary (10--15%)Type 1Presents with a lower grade and stage at diagnosis[@CIT0084]Gains in chromosomes 7 and 17, and Y chromosome loss[@CIT0085]/MET mutation[@CIT0086]Type 2Often aggressiveCDKN2A, SETD2, BAP1, PBRM1, CpG Island Methylator Phenotype (CIMP), and presence of NRF2 antioxidant response (ARE) pathway[@CIT0086]Chromophobe (3--5%)Confined to kidney at diagnosis, may be large tumors at presentation[@CIT0087]Generally good prognosisMultiple chromosome copy number alterations[@CIT0088]\
\
When associated with Birt--Hogg--Dubé syndrome (shows autosomal dominant inheritance and is associated with FLCN gene mutations on chromosome 17)[@CIT0089]Collecting duct carcinoma (1--2%)Highly aggressive type of RCC arising in the renal medulla[@CIT0085]Commonly, metastatic disease at the time of diagnosis\<2 year survival for most patients[@CIT0090]Gamma-glutamyl transferase-1 activity impairment[@CIT0091]MiT family translocation (\<1%)High index of suspicion in children and young adults presenting with RCC;[@CIT0092] can also occur in the adult population[@CIT0092]Gene fusions involving the MiT transcription factor genes TFE3 and TFEB, with differing fusion partners\
Xp11 and t(6;11) translocations[@CIT0085]

Computed tomography has an established role in tumor staging to define local invasion, lymph-node involvement, or metastatic disease.[@CIT0002] Although 65% of renal cancers at detection are confined to the primary site and the disease has an excellent 5-year survival of 92.5%, a significant proportion of patients with RCC have advanced disease at presentation, accounting for 16% of patients with metastatic disease and 17% of patients with regionally spread disease.[@CIT0003] Distant metastatic disease accounts for the worst prognosis, with a 5-year survival rate of approximately 10%.[@CIT0004] The survival curve is changing with the advent of newer therapies.

Metastatic renal cell carcinoma (mRCC) is managed by surgical therapy such as cytoreductive nephrectomy (CN).[@CIT0005]--[@CIT0007] In recent years, recognition of new targets for systemic therapies, such as vascular endothelial growth factor (VEGF) and mammalian target of rapamycin (mTOR) pathway inhibitors, has emerged as new developments in the treatment of mRCC.[@CIT0008] Immunotherapy with interleukin-2 (IL-2) had shown convincing results, including durable complete remission in 7--8% of patients;[@CIT0009] however, it was associated with serious toxicity such as capillary leak syndrome and fatal end-organ failure.[@CIT0010] The emergence of VEGF inhibitors and new immunotherapy in the form of checkpoint inhibitors since 2005 has been revolutionary for the treatment of RCC.[@CIT0011]

Epidemiology {#S0002}
============

RCC is among 10 most commonly diagnosed cancers in the USA for both sexes, being responsible for more than 14,000 estimated deaths in 2019.[@CIT0003] RCC is more predominant in males than females (2:1 ratio) and has a median age at presentation of around 60 years.[@CIT0002] The presentation of RCC as an incidental finding has increased gradually over the years, in part owing to improved imaging modalities. Established risk factors for RCC include cigarette smoking,[@CIT0012] obesity,[@CIT0013] and hypertension.[@CIT0014] However, most patients do not have any identifiable risk factors and pathological mechanisms for identifiable risk factors are not fully understood.[@CIT0002] Moreover, 2--3% cases of RCC have also been linked with autosomal dominant syndromes such as von Hippel--Lindau (VHL) syndrome.[@CIT0015] In VHL syndrome, the tumor suppressor gene has been identified on chromosome 3 (3p25--26).[@CIT0016] A defect in one allele of the VHL gene is inherited in patients with VHL syndrome and a defect in the other allele is acquired in the affected organ. An acquired defect in both VHL alleles is seen in most patients with sporadic/non-inherited ccRCC ([Table 1](#T0001){ref-type="table"}), resulting in dysfunction of the VHL protein.[@CIT0002] Alterations in the VHL tumor suppressor gene on chromosome 3 can be seen in 90% of cases of ccRCC.[@CIT0017]

Risk Stratification {#S0003}
===================

Two prognostic models are widely accepted and used in risk stratification/prognostication of mRCC: the Memorial Sloan Kettering Cancer Center (MSKCC) model[@CIT0018],[@CIT0019] and the International mRCC Database Consortium (IMDC) model.[@CIT0020],[@CIT0021] The MSKCC criteria were used more during the cytokine therapy era; however, with the advent of newer VEGF therapies in recent years, the IMDC criteria have gained more acceptance and use in contemporary clinical trials.[@CIT0020],[@CIT0022]--[@CIT0024] In both models, patients are stratified according to survival outcomes into poor-, intermediate-, and favorable-risk groups. The clinical criteria and comparison of both models can be seen in [Table 2](#T0002){ref-type="table"}, along with their interpretation.Table 2Prognostic Risk CriteriaIMDC CriteriaMSKCC CriteriaPerformance statusECOG \>1; KPS \<80NATime from diagnosis to systemic treatment\<1 year\<1 yearHemoglobin level\<Lower limit of normal\<Lower limit of normalCorrected serum calcium\>Upper limit of normal\>10 mg/dLNeutrophil count\>Upper limit of normalNAPlatelet count\>Upper limit of normalNALactate dehydrogenaseNA\>1.5× Upper limit of normal**Interpretation** Good riskNo risk factors presentNo risk factors present Intermediate risk1-2 Risk factors present1--2 Risk factors present High/poor risk\>3 Risk factors present\>3 Risk factors present[^2]

Management of Locally Advanced RCC {#S0004}
==================================

Locally advanced RCC encompasses inferior vena cava involvement, extension to adjacent organs, retroperitoneal lymph-node involvement, and local recurrence after radical surgery.[@CIT0025] Radical extirpative surgery is strongly indicated for locally advanced RCC. Radical nephrectomy is the management of choice for locally advanced tumors, along with occasional en bloc resection of adjacent organs, venous thrombectomy, and regional vasculature isolation and temporary occlusion.[@CIT0025] Such an aggressive approach can cure up to 40--60% of patients.[@CIT0026] Despite extensive surgical resection in patients with locally advanced RCC, they have a significant risk of disease recurrence and progression. These adverse clinical outcomes have typically been associated with the presence of advanced pathological state, extracapsular extension, venous involvement, or nodal metastases.[@CIT0027],[@CIT0028] The development of new multimodality strategies (especially combination with immunotherapy, neoadjuvantly or adjuvantly) to be used in combination with surgical resection is an essential step towards further improving the outcome of these patients.

Management of Metastatic Renal Cell Carcinoma {#S0005}
=============================================

Cytoreductive Nephrectomy {#S0005-S2001}
-------------------------

While surgical resection is the standard for localized or organ-confined disease, historically, its role was less defined in the management of metastatic disease. This changed after prospective trials in the early 2000s showed a benefit of CN prior to systemic therapy. Surgical therapy thus became an important part of the management of patients with mRCC. Two landmark prospective trials reported in 2001 established the role of CN in the setting of mRCC. In the EORTC-30947 trial, radical nephrectomy plus interferon-α (IFN-α)-based immunotherapy was compared with IFN-α alone in mRCC. The EORTC cohort showed a 10-month overall survival (OS) benefit in the CN group (17 vs 7 months).[@CIT0006] Another randomized comparison of nephrectomy followed by IFN-α2b versus IFN-α2b alone in patients with advanced RCC (SWOG 8949) demonstrated a 3-month OS benefit in the CN group (11.1 vs 8.1 months).[@CIT0007] A subsequent combined analysis of 331 patients from two pooled cohorts revealed a 6-month OS benefit of CN (13.6 vs 7.8 months).[@CIT0005] These were the first trials to prospectively demonstrate a survival advantage for CN followed by systemic therapy versus systemic therapy alone. However, more recently the role of CN has been challenged, especially in the era of targeted therapies. A large phase III randomized trial evaluated the efficacy of sunitinib alone or after CN in metastatic disease[@CIT0029] and demonstrated the non-inferiority of sunitinib in comparison to CN followed by sunitinib, but in patients classified as having intermediate- or poor-risk disease. Given such competing challenges and equivocal results, the selection of patients plays a critical role when considering CN in mRCC, and in properly chosen patients CN still represents an essential component of care. This especially holds true for patients with low-burden or slow-growing metastatic disease post-nephrectomy, where prolonged surveillance periods can be utilized until overt progression occurs, at which stage systemic therapy can be appropriately employed.[@CIT0030]

Systemic Therapy {#S0005-S2002}
----------------

Improved understanding of the pathogenesis of mRCC has revolutionized the treatment of mRCC twice since 2005 . First was the increased understanding of the vital role of angiogenesis contributing to the development of VEGF inhibitors;﻿ and then, the success of immune checkpoint inhibitors (ICIs) underscoring the immunogenicity of renal cancer cells. [Figure 1](#F0001){ref-type="fig"} depicts the approved systemic therapies for advanced or metastatic RCC according to year of approval.Figure 1Systemic therapies for advanced or metastatic renal cell carcinoma according to year of approval.

Proangiogenic Factors {#S0005-S2003}
---------------------

Alteration in the VHL tumor suppressor gene on chromosome 3 can be seen in 90% of cases of ccRCC.[@CIT0017] Loss of function of the VHL gene can result in the accumulation of hypoxia inducible factor (HIF). Increased HIF accumulation leads to the production of proangiogenic factors, namely VEGF, platelet-derived growth factor (PDGF), and fibroblast growth factor (FGF).[@CIT0031] Inhibition of these pathways via targeted therapies such as tyrosine kinase inhibitors (TKIs) (sunitinib, axitinib, pazopanib) is depicted in [Figure 2](#F0002){ref-type="fig"} and discussed in detail in the following text. HIF also induces activation of MET and AXL (also proangiogenic factors), which support growth, survival, invasion, and metastasis.[@CIT0032] They also have a vital role in treatment resistance to VEGF inhibitors resulting from upregulation of the alternative angiogenesis pathway.[@CIT0033] Cabozantinib is an oral TKI that targets vascular endothelial growth factor receptors (VEGFRs) in addition to MET and AXL ([Figure 2](#F0002){ref-type="fig"}), and therefore results in the simultaneous suppression of metastasis, angiogenesis, and tumor growth.[@CIT0034]Figure 2Pathways of tumor growth in renal cell carcinoma and systemic targeted therapies of these pathways.

Currently Approved First-Line Agents and Combinations {#S0005-S2004}
-----------------------------------------------------

### Single-Agent Angiogenesis Inhibitors {#S0005-S2004-S3001}

Sunitinib, in a phase III trial against IFN-α, demonstrated significant improvement in median progression-free survival (PFS) (11 vs 5 months), with a hazard ratio (HR) of 0.42 (95% CI 0.32--0.54) and an objective response rate (ORR) of 31% versus 6% in favor of sunitinib.[@CIT0035] Pazopanib, in a phase III placebo-controlled trial, improved PFS in treatment-naïve or cytokine-treated good- and intermediate-risk patients (HR 0.46; 95% CI 0.34--0.62). In the subset of treatment-naïve patients, the median PFS was 11 versus 2.8 months.[@CIT0036],[@CIT0037] When pazopanib and sunitinib were compared against each other in a non-inferiority phase III COMPARZ trial, pazopanib was found to be non-inferior to sunitinib, with similar PFS (HR 1.05; 95% CI 0.9--1.22) and OS (HR 0.91; 95% CI 0.76--1.08).[@CIT0038] However, the safety and quality-of-life profiles favored pazopanib in 11 of 14 health-related quality-of-life domains, particularly those related to fatigue or palmar--plantar erythrodysesthesia. At the same time, sunitinib was more commonly associated with thrombocytopenia but less frequently with transaminitis compared to pazopanib.[@CIT0038] Given comparable efficacy and safety profiles, both sunitinib and pazopanib are indicated as agents for first-line therapy in favorable-risk disease.

Cabozantinib, an inhibitor of VEGFR, MET, and AXL, was compared to sunitinib in a phase II CABOSUN trial involving IMDC intermediate- and poor-risk patients.[@CIT0039] Compared with sunitinib, cabozantinib had favorable outcomes for both PFS (8.2 vs 5.6 months; HR 0.66; 95% CI 0.46--0.95) and ORR (33% vs 12%). Following this development, cabozantinib was approved as a first-line option for mRCC on December 19, 2017. Common toxicities of cabozantinib include fatigue, hypertension, diarrhea, abnormal liver function tests, anorexia, and palmar--plantar erythrodysesthesia syndrome, similarly to other VEGFR TKIs.[@CIT0039]

Axitinib, an oral TKI and a potent VEGFR inhibitor, demonstrated clinical benefit as a second-line agent for patients with advanced RCC. In a phase III randomized trial, patients with treatment failure from a first-line therapy with sunitinib/bevacizumab with INF-α or temsirolimus were randomly assigned to receive either axitinib or sorafenib. Although median OS was similar in both treatment groups, PFS of 6.7 months versus 4.7 months (HR 0.67; 95% CI 0.54--0.81) and ORR (19% vs 11%) in an intention-to-treat (ITT) population favored axitinib over sorafenib.[@CIT0040],[@CIT0041] These results established axitinib as a second-line agent for treatment of mRCC. In the first-line setting, axitinib alone has a limited role and is useful under certain circumstances (category 2B recommendation by the National Comprehensive Cancer Network \[NCCN\]).[@CIT0093]

Mammalian Target of Rapamycin (mTOR) Signaling Pathway {#S0005-S2005}
------------------------------------------------------

The constitutively activated mTOR signaling pathway plays a significant role in the tumorigenesis and growth of RCC. The mTOR pathway can be activated by cancer cells via different mechanisms, including loss of p53, mutations in upstream components of PI3K ([Figure 2](#F0002){ref-type="fig"}), and paracrine growth factor production, or via mTOR complexes such as TSC1/2, PTEN, Lkb1, and Nf1.[@CIT0042] mTOR inhibitors, also known as rapalogs (analogs of rapamycin), inhibit the phosphorylation of mTOR, resulting in altered translation of messenger RNA that codes for the proteins involved in cell survival, cell proliferation, and angiogenesis.[@CIT0042]

Temsirolimus, an mTOR inhibitor, was compared with IFN-α in a phase III Global Advanced Renal Cell Carcinoma (Global ARCC) three-arm trial involving patients with previously untreated, poor-prognosis mRCC, divided into treatment groups with temsirolimus, IFN-α, and a combination of temsirolimus and IFN-α. The temsirolimus arm demonstrated superior OS versus IFN-α (HR 0.73; 95% CI 0.58--0.92), although the addition of temsirolimus to IFN-α in the combination group did not show any improved survival versus IFN-α alone.[@CIT0043] Temsirolimus is indicated for use in intermediate- and especially poor-risk patients in the first-line setting under select circumstances (category 1 recommendation by the NCCN).[@CIT0093]

Other approved therapies include selective monoclonal antibodies, such as bevacizumab, directed against VEGF, which also inhibit angiogenesis and therefore impede tumor growth.[@CIT0044]

However, after favorable outcomes of combinatorial immunotherapy (ipilimumab plus nivolumab) trials and now the success of immunotherapy combinations with VEGF inhibitors (discussed in the following sections), the role of several of the aforementioned drugs as single agents is less distinct and useful only under certain circumstances, for example in cases of absolute contraindication to the use of upfront immunotherapy.

Immunotherapy {#S0005-S2006}
-------------

The concept of immunosurveillance and acquisition of somatic mutations over an individual's lifetime has been foundational to understanding tumorigenesis and, therefore, the exploration of mechanisms to potentiate mutant clone clearance via reinvigoration of immune surveillance has been a cornerstone of cancer drug development in recent years.[@CIT0045]--[@CIT0047]

The finding of IFN-γ\'s role in host protection from transplanted tumors was highlighted in the mid-1980s.[@CIT0048] More recently, focus has shifted on to the role of Tcells in both cellular and humoral immunological effects on tumor growth. Short peptides of 8--10 and 13--20 amino acids bind to class I and class II major histocompatibility complex (MHC) molecules, respectively. T lymphocytes recognize these peptide MHC complexes via T-cell receptors forming immunological synapses ([Figure 2](#F0002){ref-type="fig"}); the quality of the synapse determines whether a tumor-associated antigen (TAA) will elicit a T-cell response. The humoral arm of the immune system exerts antitumor effects through antibody-dependent cellular cytotoxicity (ADCC). ADCC-derived tumor cell lysis is mainly dependent on the interaction between Fcγ receptors on immune effector cells, such as macrophages, neutrophils, and natural killer (NK) cells, and the Fc region of an antibody bound to a tumor cell.[@CIT0049] Over the years, many different immunotherapeutic modalities have been studied to induce specific tumor responses, including those for mRCC.[@CIT0050]

### Cytokine Therapy {#S0005-S2006-S3001}

There exists an abundance of evidence to suggest that RCC is associated with the innate host-mediated immune response.[@CIT0051] In the early development of immunotherapy for RCC, IFN-α and IL-2 showed promising antitumor activity and remained the only viable options in mRCC for almost two decades.[@CIT0052]--[@CIT0054]

IL-2 stimulates the cytotoxic activity of T lymphocytes against tumor cells. It was first used in mRCC in the mid-1980s. The US Food and Drug Administration (FDA) approved high-dose intravenous IL-2 therapy for advanced RCC in 1992. It was associated with an ORR of 15% and a durable complete response (CR) of 5% in patients with mRRC.[@CIT0009] A more recent trial for patients with mRCC utilizing high-dose IL-2 resulted in an ORR of 25%, including 7.5% CRs, and a median response duration of 20.6 months.[@CIT0055] However, high-dose IL-2 was associated with serious toxicities such as capillary leak syndrome, hypotension, and fatal end-organ failure, thereby necessitating the judicious use of high-dose IL-2 in carefully selected patients with good performance status and preserved organ function.[@CIT0010] With the dawn and approval of several better tolerated and efficacious treatments in mRCC in recent years, the utility of high-dose IL-2 has declined steadily.[@CIT0056] High-dose IL-2 is now indicated for only a very select group of young patients and mandates careful selection of patients with excellent performance status and normal organ function.

Another cytokine-based therapy with IFN-α showed minimal antitumor activity in patients with advanced RCC, with overall response in only 10% of patients.[@CIT0057] Over the years, cytokines have been tested in combination with other chemotherapeutic agents to improve the response rates, with a combination of bevacizumab with IFN-α obtaining FDA approval in the first-line setting after the demonstration of significant improvement in PFS and a trend towards improved OS, although this was not statistically significant.[@CIT0058]

The development of newer ICIs has revolutionized the role of immunotherapy in the management of mRCC, among other malignancies. In normal physiology, the programmed cell death protein-1 (PD-1)/programmed death ligand-1 (PD-L1) and cytotoxic T-lymphocyte﻿-associated antigen-4 (CTLA-4) checkpoints attenuate T-cell activation and are vital in maintaining the immunological balance between self-defense and self-tolerance (Figure 2).[@CIT0059] Expression of checkpoint proteins such as PD-L1 by tumor cells can promote their immune tolerance, hence the blockers of PD-1/PD-L1 and CTLA-4 can strengthen the antitumor response of exhausted CD8 T cells.[@CIT0060] Several ICI combinations are now approved as first-line agents for advanced clear cell renal cell carcinoma (accRCC), as discussed in the following subsections. Major phase III trials of first-line Immunotherapy-based combination therapies are shown in [Table 3](#T0003){ref-type="table"}.Table 3Phase III Trials of First-Line Immunotherapy-Based Combination TherapiesTrial (Year of Report)Experimental ArmControl ArmmPFS (HR, 95% CI) (Months)mOS (HR, 95% CI) (Months)Checkmate 214[@CIT0061] (2018)Ipilimumab plus nivolumabSunitinib12.4 vs 12.3 (0.98, 0.79--1.23)NR vs 32.9 (0.68, 0.49--0.95)IMmotion151[@CIT0068] (2019)Atezolizumab plus bevacizumabSunitinib11.2 vs 8.4 (0.83, 0.70--0.97)33.6 (29.0--NE) vs 34.9 (27.8--NE); (0.93, 0.76--1.14)JAVELIN Renal 101[@CIT0066] (2019)Avelumab plus axitinibSunitinib13.8 vs 8.4 (0.69, 0.57--0.84)(0.78, 0.55--1.08)KEYNOTE-426 (2019)Pembrolizumab plus axitinibSunitinib15.1 vs 11.1 (0.69, 0.57--0.84)(0.53, 0.38--0.74)[^3]

 {#S0005-S2007}

### Ipilimumab Plus Nivolumab {#S0005-S2007-S3001}

CheckMate 214 was the first phase III randomized trial to demonstrate the clinical activity of ICI combination therapy in IMDC intermediate- or poor-risk patients.[@CIT0061] This study compared the combination of ipilimumab (an anti-CTLA-4 inhibitor) plus nivolumab (an anti-PD-1 inhibitor) to sunitinib. The ORR was 42% versus 27% (9% vs 1% CR) favoring combination compared to sunitinib. The median OS was still not reached at 30 months[@CIT0062] for the combination and it appeared that increasing PFS benefit was emerging in the ITT population as well as in the intermediate/poor-risk population.[@CIT0062] Sunitinib showed superior ORR (29% vs 52%) and PFS (15.3 vs 25.1 months; HR 2.18; 99.1% CI 1.29--3.68) in favorable-risk patients versus the combination therapy and this superiority continued to persist, although the gap was closing at 30-month follow-up, with ORR 39% versus 50% and PFS 13.9 versus 19.9 months (HR 1.23; 95% CI 0.90--1.69). In the most recent 42-month follow-up,[@CIT0063] OS HRs remained favorable for patients treated with combination in both the ITT (HR 0.72; 95% CI 0.61--0.86) and intermediate/poor-risk population (HR 0.66; 95% CI 0.55--0.80). The ORR for combination has continued to be higher in the ipilimumab/nivolumab cohort (ORR 42%, including 10% CRs). The PFS HR has been reported as 0.76, with 35% of patients in combination ipilimumab/nivolumab without progression, compared to 13% with sunitinib. Among favorable-risk patients, ORR continues to be higher with sunitinib at 42-month follow-up (54% vs 29%); however, more patients have achieved CR with combination (13% vs 6%). The responses appear more durable with combination than with sunitinib across all IMDC risk groups, and the PFS probabilities are stabilizing with combination and declining with sunitinib in the favorable-risk patients. This 42-month follow-up is the longest follow-up for any immunotherapy combination phase III trial in first-line treatment of advanced RCC, making it an attractive first-line option.[@CIT0063]

Despite the questions about appropriate patient selection, in the setting of different outcomes in different IMDC risk groups, this trial challenged the treatment paradigm of first-line use of VEGF TKIs in RCC by showing the superiority of ipilimumab plus nivolumab over sunitinib.[@CIT0061] The toxicity profile of the combination therapy was found to be significantly different from that of sunitinib, with more immune-related adverse effects such as hepatitis, colitis, rash, hypophysitis, adrenal insufﬁciency, nephritis, pneumonitis, and diabetes seen with the combination. Moreover, 35% of patients in the combination arm also required high-dose glucocorticoid (40 mg of prednisone per day or equivalent) therapy owing to toxicities.[@CIT0061] In addition, it is now emerging that this combination holds promise in RCCs with sarcomatoid differentiation (sRCC), a highly aggressive form of RCC with poor prognosis. sRCCs are considered rather inflamed tumors and express PD1/PD-L1 at rates higher than ccRCC.[@CIT0064] In a 2019 post-hoc analysis of CheckMate 214, ipilimumab plus nivolumab combination demonstrated promising efficacy (ORR 56.7% vs 19.2% in the sunitinib arm). Prolonged survival was also demonstrated (median OS 31.2 months vs 13.6 months, HR 0.55; 95% CI 0.33--0.90; *p*\<0.0155).[@CIT0065] Based on these encouraging results, the consensus among experts is to consider the use of nivolumab plus ipilimumab in sRCCs.

 {#S0005-S2008}

### Avelumab Plus Axitinib {#S0005-S2008-S3001}

Another anti-PD-L1 antibody, avelumab, has been compared with the standard of care, sunitinib. In a phase III trial involving treatment-naïve patients with advanced RCC, combination therapy of avelumab plus axitinib versus sunitinib demonstrated significantly longer PFS with avelumab plus axitinib than with sunitinib. Median PFS of 13.8 months was seen with avelumab plus axitinib, compared with 7.2 months with sunitinib (HR for disease progression or death 0.61; 95% CI 0.47--0.79) in patients with PD-L1-positive tumors. In the overall study population, median PFS of 13.8 months with avelumab plus axitinib was observed, compared with 8.4 months with sunitinib (HR 0.69; 95% CI 0.56--0.84). Patients with PD-L1-positive tumors had an ORR of 55.2% with avelumab plus axitinib and 25.5% with sunitinib.[@CIT0066] Following these results, the FDA approved avelumab in combination with axitinib for first-line treatment of patients with advanced RCC on May 14, 2019.

 {#S0005-S2009}

### Atezolizumab Plus Bevacizumab {#S0005-S2009-S3001}

Atezolizumab is another PD-L1 inhibitor, which has been compared in combination with bevacizumab to sunitinib. A phase II study was conducted of atezolizumab with or without bevacizumab versus sunitinib for mRCC in treatment-naïve patients. Atezolizumab plus bevacizumab resulted in encouraging antitumor activity in the PD-L1-positive tumors, showing PFS HRs for combination versus sunitinib of 0.64 (95% CI 0.38--1.08) and 1.03 (95% CI 0.63--1.67) for atezolizumab alone versus sunitinib, prompting the study initiation of combination therapy of atezolizumab with bevacizumab in the large phase III trial,[@CIT0067] IMmotion151. This trial compared atezolizumab plus bevacizumab combination with sunitinib, enrolling 915 treatment-naïve patients with advanced RCC.[@CIT0068] In the PD-L1-positive population, the median PFS was 11.2 months in the atezolizumab plus bevacizumab group versus 7.7 months in the sunitinib group (HR 0.74; 95% CI 0.57--0.96). In the ITT population, the median OS HR was 0.93 (95% CI 0.76--1.14), which was not significant in the interim analysis. The ORR was 43% for atezolizumab plus bevacizumab group compared to 35% in the sunitinib group. The duration of response was not reached for atezolizumab plus bevacizumab, compared to 12.9 months for sunitinib in PD-L1-positive patients.[@CIT0069] Altogether, 24 (5%) in the atezolizumab plus bevacizumab group and 37 (8%) in the sunitinib group had treatment-related all-grade adverse events, which led to discontinuation of the treatment regimen.[@CIT0068] Atezolizumab and bevacizumab combination is not FDA approved as a first-line therapy for accRCC. In terms of this combination's role in sRCC, subgroup analysis showed that patients who had sarcomatoid histology had median PFS of 8.3 versus 5.3 months with atezolizumab plus bevacizumab versus sunitinib, and median OS was not reached for the combination versus 15.0 months in the sunitinib arm. The combination also demonstrated a higher ORR of 49% versus 14% for sunitinib. As discussed previously, it was noted that PD-L1-positive disease was more common in sarcomatoid versus non-sarcomatoid tumors.[@CIT0070]

Important Position of Pembrolizumab in Combination with Axitinib in the First-Line Setting {#S0005-S2010}
------------------------------------------------------------------------------------------

Pembrolizumab is another anti-PD-1 monoclonal antibody that has a significant molecular similarity to nivolumab. In recent studies pembrolizumab has shown encouraging antitumor activity as monotherapy[@CIT0074] as well as in combination with axitinib[@CIT0071] in patients with previously untreated accRCC.

In a phase Ib dose-finding and dose-expansion trial of axitinib in combination with pembrolizumab in treatment-naïve patients with accRCC, 11 patients were enrolled in the dose-finding and 41 patients in the dose-expansion phase. Of these patients, 73% achieved an objective response, including four CRs (8%) and 34 partial responses (65%). More than 90% of patients showed tumor shrinkage with \>20-month median PFS.[@CIT0071] Previously, two first-line trials of axitinib monotherapy had shown median PFS of 10--15 months.[@CIT0072],[@CIT0073] Early-phase pembrolizumab combination trials in advanced RCC are outlined in [Table 4](#T0004){ref-type="table"}.Table 4Early-Phase Pembrolizumab Combinations in Advanced/Metastatic Renal Cell CarcinomaRegistration Identifier/Clinical StudyTrial and Population CharacteristicsTreatmentResultsNCT02133742/KEYNOTE-035[@CIT0071]Phase Ib; patients with untreated advanced RCC, predominantly of clear cell subtype (n=52)Pembrolizumab at 2 mg/kg every 3 weeks + axitinib 5 mg twice dailyORR: 73%, including 4 complete responses (8%) and 34 partial responses (65%)NCT02501096[@CIT0094]Phase Ib/II; previously untreated and treated patients with metastatic RCC, predominantly of clear cell subtype (n=30)Pembrolizumab 200 mg every 3 weeks + lenvatinib 20 mg dailyORR (95% CI): 66.7% (47.2--82.7%)\
Median PFS (95% CI): 17.7 months (9.6--NE)\
Median DOR (95% CI): 16.3 months (8.9--NE)NCT02014636/KEYNOTE-018[@CIT0095]Phase I/II; untreated patients with advanced RCC, predominantly of clear cell subtype (n=35)Cohort A: Pazopanib 800 mg and pembrolizumab 2 mg/kg every 2 weeks (n=10)\
Cohort B: Pazopanib 600 mg and pembrolizumab 2 mg/kg every 2 weeks (n=10)\
Due to dose-limiting liver toxicity, cohort C was opened:\
Cohort C: Pazopanib run-in followed by pazopanib + pembrolizumab (n=15; 5 out of 15 pts in cohort C received pazopanib and pembrolizumab at the data cut-off)Best overall response (CR+PR) was reported in 6, 2, and 1 pts receiving pazopanib and pembrolizumab in cohorts A, B, and C, respectively\
Due to dose-limiting liver toxicity, doublet was not considered suitable to test in a larger cohort[^4]

Pembrolizumab as a single agent has also demonstrated convincing results. In a phase II pembrolizumab monotherapy trial, pembrolizumab showed an ORR of 38% across all IMDC risk groups and even higher ORRs of 42% and 50% in patients in IMDC intermediate/poor-risk patients and patients with PD-L1-positive tumors, respectively.[@CIT0074]

More recently, antitumor efficacy with a combination of pembrolizumab and axitinib was further tested in a large phase III trial (KEYNOTE-426) of treatment-naïve patients with accRCC. In this trial, 861 patients were randomly assigned to receive pembrolizumab plus axitinib versus sunitinib. The primary endpoints were OS and PFS in the ITT population. After a median follow-up of 12.8 months, pembrolizumab plus axitinib resulted in significantly longer OS and PFS (15.1 vs 11.1 months) in comparison to sunitinib. Pembrolizumab and axitinib combination also seems to have a higher objective response ﻿than other combination therapies. The ORR (59.3%) of pembrolizumab and axitinib is higher than in other combination trials, which found an ORR of 51.4% in the avelumab plus axitinib group[@CIT0066] and 39% ORR in the nivolumab and ipilimumab group.[@CIT0061] Cross-trial comparisons can often be misleading and the higher ORR noted in KEYNOTE-426 may have been driven by higher percentages of favorable-risk patients in KEYNOTE-426 in comparison to other groups. Nonetheless, pembrolizumab plus axitinib proved its efficacy in the ITT population across all IMDC-defined risk categories and these findings resulted in FDA approval of this combination on April 19, 2019. The benefit across all risk categories was not seen in the ipilimumab and nivolumab group and, therefore, the approval was limited to only IMDC intermediate- and poor-risk categories. NCCN guidelines recommend pembrolizumab and axitinib combination as first-line therapy in IMDC good-, intermediate-, and poor-risk patients ([Table 5](#T0005){ref-type="table"}). Given its applicability across all IMDC risk strata, pembrolizumab plus axitinib combination now represents a new standard as front-line treatment for metastatic ccRCC.Table 5NCCN Treatment Guidelines for First-Line Therapy for Stage IV Disease (Clear Cell Histology)RCCPreferredOther Recommended RegimensUseful in Certain CircumstancesFavorable riskPembrolizumab + axitinibIpilimumab + nivolumabActive surveillancePazopanibCabozantinibAxitinibSunitinibAvelumab + axitinibHigh-dose IL-2Intermediate-Poor riskPembrolizumab + axitinibPazopanibAxitinibIpilimumab + nivolumab\
CabozantinibSunitinib\
Avelumab + axitinibHigh-dose IL-2\
Temsirolimus[^5][^6]

In the intermediate- and poor-risk categories, the challenge remains to decide between nivolumab plus ipilimumab and pembrolizumab plus axitinib. In addition, in patients with sarcomatoid RCC (similar to ipilimumab plus nivolumab combination), pembrolizumab plus axitinib showed favorable results versus sunitinib in IMDC intermediate/poor-risk patients with sarcomatoid features. The exploratory analysis demonstrated improved PFS (HR 0.54; 95% CI 0.29--1.00; median not reached vs 8.4 months), OS (HR 0.58; 95% CI 0.21--1.59; 12-month rate 83.4% vs 79.5%), and CR of 11.8% (95% CI 4.4--23.9) versus 0% (95% CI 0.0--6.6) in pembrolizumab plus axitinib versus sunitinib.[@CIT0075] Given comparable efficacy profiles in both combinations (ipilimumab plus nivolumab and pembrolizumab plus axitinib), the clinical decision in choosing one combination over the other in IMDC intermediate/poor-risk patients will take into account patient preference of anticipated toxicities, contraindication to each therapy, and previous history of autoimmune conditions. Ipilimumab plus nivolumab combination has the longest follow-up for any immunotherapy combination phase III trial in first-line treatment of advanced RCC, making it an attractive treatment option. In KEYNOTE-426, the incidence of grade 3 or 4 elevations in liver enzyme levels with pembrolizumab and axitinib was much higher than previously observed profiles for monotherapy with either of these agents.[@CIT0076] Therefore, careful treatment assignment will be prudent in patients, based on the side-effect profiles of each regimen.

Despite all the successes, it remains important to acknowledge that above-mentioned immunotherapy trials, despite enrolling patients with intermediate/poor risk, have generally selected for patients with a good performance status (ECOG 0--1). The trial patients, therefore, are less representative of the general population, and how these immunotherapy combinations improve outcomes in the real-world setting remains to be determined.

Prospective Agents and Combination Trials in Progress {#S0005-S2011}
-----------------------------------------------------

Several combinations of immunotherapeutic agents as well as VEGF TKIs are in the pipeline. PDIGREE (NCT03793166),[@CIT0077] an adaptive phase III trial of nivolumab and ipilimumab with VEGF TKI cabozantinib in metastatic untreated RCC, aims to determine which patients benefit most from the combination of immunotherapy and VEGF inhibitors, and the optimal sequence of these therapies. In this trial, patients start treatment with induction nivolumab plus ipilimumab. Then, based on 3-month radiographic assessment, patients with CR receive maintenance nivolumab every 4 weeks, those with progressive disease (PD) switch to cabozantinib daily, and patients with non-CR/non-PD are randomized to nivolumab every 4 weeks versus cabozantinib daily plus nivolumab every 4 weeks, with OS as the primary endpoint. Another phase III study (COSMIC-313, NCT03937219)[@CIT0078] aims to study the same drugs, testing the efficacy of "triplet" cabozantinib in combination with nivolumab and ipilimumab versus "doublet" nivolumab and ipilimumab (plus placebo), with PFS being the primary endpoint. CheckMate 9ER (NCT03141177) is another RCT comparing cabozantinib plus nivolumab versus sunitinib in the first-line setting in patients with previously untreated advanced or metastatic RCC. The trial includes around 630 participants and results are expected to be released sometime in 2020.[@CIT0079] CLEAR 307, a phase III, open-label study (NCT02811861) with three treatment arms, is using a different TKI (lenvatinib) and comparing its efficacy and safety in combination with everolimus or pembrolizumab versus sunitinib alone in first-line treatment of subjects with advanced RCC. This study will include around 1067 patients and results are expected sometime in 2021.[@CIT0080] In addition to these phase III trials, another ongoing trial is the Titan RCC (NCT02917772). Titan RCC is a phase II single-arm clinical trial of a tailored immunotherapy approach with nivolumab in subjects with metastatic or advanced RCC. This study aims to optimize therapy based on responses and to boost suboptimal responses using immunotherapy "boosts" in patients with stable and progressive disease. This trial includes around 200 participants and is expected to complete by 2021.[@CIT0081]

Conclusions {#S0006}
===========

Since the turn of the twenty-first century, tremendous progress has been made in the management and treatment of advanced RCC. Better understanding of molecular profiles has led to the development of targeted therapies and improved understanding of antitumor immunity has changed the clinical landscape of the disease. The paradigm has shifted twice in the past decade and it continues to shift towards improving patient outcomes with the use of combination regimens. The immune checkpoint--VEGF inhibitor combinatorial regimens (axitinib plus pembrolizumab or avelumab) are now approved and form part of the ever-expanding treatment armamentarium. However, this poses a new challenge of optimal sequencing of therapy, since the efficacy of second-line options after the newer first-line therapies is unknown. This is an area of active exploration (PDIGREE study; discussed in the previous section) and evidence is eagerly awaited to inform clinical practice. In addition, from anecdotal physician experience with ICIs and available data on long-term durable responses with high-dose IL-2,[@CIT0082] very long disease-free survival and possible cures for advanced RCC are on the horizon. Maintaining these long disease-free survival periods will be highly desirable and preferably off-therapy. Therefore, newer combination regimens aiming for prolonged disease-free survival should evaluate strategies for drug-free periods. One such effort is currently underway (OMNIVORE Study: NCT03203473), which aims to optimize treatments based on response, and the results of this and other endeavors are eagerly awaited. In addition, patients with RCC of sarcomatoid differentiation historically have had a worse prognosis, with poor response to VEGF therapy alone. However, it now appears that these patients have promising options with immune-based therapies. This is being explored with all of the combinations; however, the response to nivolumab plus ipilimumab is notably impressive. Lastly, given the expanding treatment armamentarium, there exists a huge unmet need to discover predictive and prognostic biomarkers to better risk-stratify patients to guide appropriate clinical decision making, with the goal of maximizing efficacy and minimizing toxicity.
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